The second compositeness condition other than detZ=O Is proposed as lims detZ(s) S~>ro =0 for two particles with identical quantum numbers. It is shown that this condition takes the same form irrespective of the ambiguity in extracting the one-particle irreducible part from a full scattering amplitude with a composite particle in its channel. The detailed meanings of the above condition is investigated in a modified Srivastava model and it is shown that it corresponds to the vanishing of the Jouvet limit parameter, i.e. the complete vanishing of one of the two bare vertices.
§I. Introduction
Since Salami) proposed a conjecture that a composite particle can be regarded as an elementary particle with vanishing wave function and vertex function renormalization constants, many authors 2 l have been engaged in ascertaining it and it seems that their efforts have ended with success in one-particle cases. It was firstly pointed out, however, by Srivastava and Rai Choudhury 3 l and by Yabuki 4 l that a curious situation not known in a one-particle case arises if one enters into the cases with two or more particles in the same channel. They insist that when one sets the wave function renormalization constant of a certain particle equal to zero, those of all the other particles which are subject to the particle mixing with it tend to zero simultaneously, hence the vanishing of wave function renormalization constants of all the particles with identical quantum numbers gives only one relation among masses and coupling constants. On the other hand, using a slightly different definition of wave function renormalization constants from theirs,*l it was shown 5 ),G),<) in the Srivastava, The purpose of the present work is to offer another form of the second compositeness condition*> without referring to the function X(s) or X(s) and to investigate the relation of it to i), ii) and ii').
In § 2, we show that ii') is equivalent to iii) lim s det Z(s) = 0 and the condition ii) 1s not correct. Discussion 1n § 3 shows the equivalence
The appearence of Z(s) and Z(s) is due to the ambiguity in extracting the one-particle irreduc.ible part from the full scattering amplitude with a dynamically generated particle in its channel. We also prove the equivalence of iii) to iii'), hence we know that the conditions which we propose iii) and iii') are of the same form irrespective of the above mentioned ambiguity.
In § 4, we conGider a soluble model field theory to illustrate the meaning of the second compositeness condition iii) or iii') and it is shown that the condition iii) corresponds to the vanishing of the Jouvet limit 11 > parameter for one of the two particles.
Section 5 is devoted to summary. In the Appendix, we give a brief discussion by making use of bare quantities. § 2. Modification of Kang's condition Vve consider a channel in which two neutral scalar particles r:p 1 and r:p 2 exist and are subject to the particle mixing with each other. \Ve start our discussion with de:fi.ning the matrix quantity**> A by the following equation:
where r:pi (x) and r:p/ (x) are the renormalized and unrenormalized operators of r:pi, respectively. 1Aijl 2 represents probability for r:pi to exist in the i-th bare particle state. To assure the above mentioned interpretation for 1Aij[ 2 and that *l Note that conditions which we deal with in this paper are not sufficient to Reggeize both particles in question. **l Throughout this paper, we use boldfaces for matrix quantities.
M. l-l£rayama
lim 9·t (:c) corresponds to the noninteracting asymptotic field of (/Ji particle, we 
Here mj IS the renormalized mass of cpj. If we define Z by 
where M is the mass of B, gi is the renormalized coupling constant of !f!i with 
Since we are assuming the elastic u'nitarity, we have the following expressions for the form factor Ki (s) (i = 1, 2) and the proper vertex function Ti (s)
In (2·16) and (2·17), we have put the arbitrary polynomial factors as unity. Using (2 · 3), (2 ·14), (2 ·15) and we have and · K~~s) can be written as
){(s)
We now have the following expresswns for T(s):
Fron1 (2 · 21) and (2 · 23'),
If we assume that poles of Zij (s) come only from zeroes of fD (s), we have 1/ X (sn) = 0, hence RS> can be factorized as
]'hen, we have (2 ·26) and (2· 27) where
Thus having completed the preparations, we now turn to our main subject. Since we are to seek for the second compositeness condition other than the first one, 'det Z=O with Zij~O for any i and j ', (2 ·29) a composite particle in the channel concerned. 10 ) that the condition (2 · 32) with (2 · 29) gives one mass equation and one residue equation**) for one of the two particles in question, we can say that (2 · 31) is the appropriate second compositeness condition.
On the other hand, Kang
)
says that (2 · 32) with (2 · 29) is equivalent to 'X(oo);::>'fO with (2·29)'. We have, however, 1 .
when we assume (2 · 29) and (2 · 32). Hence his resultant proposition ' X ( oo) ~0 with det Z = 0' is not correct although his original one ( (2 · 32)) is good. We observe from (2 · 30) that det Z (s) is identically equal to zero if we impose the condition (2 · 31) or (2 · 32). Therefore in this case the propagators given by (2 ·19) is infinite for any value of s. 'I'his can also be seen from the 'i"l') /\s we shall show in § !J, this wny of saying is not :mflieicntly eorrf'ct. ; I n To rlcrivc (2 -:~S), we It ave made usc of th(~ relation _(/1 Gr --!-.C!J;2 = 0 , which is the direct result of (2 <32) and (2 .;);)). In this section, in order not to encounter the identically vanishing Zij (s) or the idenitically diverging idi~ (s), we go with once subtracted propagators from the first:
where dij is a finite constant. On the basis of these propagators, we define various functions below: can be a compositeness condition for one of the two particles which are subject to the particle mixing. We easily realize the equivalence between 
1\!I. 1-Iirayama
The comparison of (3 ·19) and (3 · 20) with (2 · 33) and (2 · 34) assures us the equivalence between lim s det Z (s) = 0 and lim s det Z (s) = 0. Thus we have
S->CO

S-->00
proved the equivalence between lim s detZ(s) =0 and lim s X(s) =0.
S->oo
The equivalence between lim s det Z(s) =0 and lim s det Z(s) =0 tells us
S->CIJ
S->CO
that if we use the determinant of the renormalization matrix, we can write the two compositeness conditions in a unique way without suffering from the ambiguity involved in extracting the one-particle irreducible part from the full amplitude with a composite particle in its channel. § 4. Connection with J ouvet's condition
To understand more details about the conditions proposed 1n the previous sections, we next consider the extended Srivastava model defined by the following Hamiltonian: 
The general theory in § 2 tells us that <o I vi I Vj)) = oij where V/ = ~Aij Vj. We define the renormaje"l lized propagators of V-particles by 
where I Vi) = V/ IO). After elementary but rather tedious calculations, we get expressions for the inverse of the propagator matrix as below:
where mi and gi are the renormalized mass of Vi and the renormalized coupling constant of Vi to NfJ system, (4 ·8) (4 ·10) and Ek = mN + (J)k· Hence, the elements of the renormalization function matrix defined by
Z(E) =P(E)Q(E)
with (4 ·12) can be written as 
Using (4·8) and (4·15) and Zu>O, we find that the last bracket on the righthand side of ( 4 · 21) never vanishes unless g 2 tends to zero. Excluding the case of vanishing g 1 or g2 we again find that limEdetZ(E) =0 is equivalent to zug2-Zl 2 _Q 1 =0.**> (4 ·22)
J.-:->co
Although when we have (4·20) as well as Zu.Q 2 -Z 12 g 1 =0, detZ(E) vanishes identically and propagators need a subtraction, one particle reducible part of gives A 11 = .A . . 12 = 0 so that det Z = (det AY = 0. But in this limit none of the Zi/s vanish. I> Thus, we find that (4 ·24) gives (4 ·20). As is shown in the Appendix, we can write zug2-zl2gl by unrenormalized quantities as
When we practice the limitting process (4·24), we have detA=O, g 02 A 11 =0 and g 01 A 22 = oo. We also find that the right-hand side of ( 4 · 25) vanishes if and only if it tends to zero,m hence the limitting process *l Although the renormalization with respect to j 2 is quite easy, 12 l we do not practice it for convenience.
''*l We remark thai Zll/f:l-7.,~{/ 1 =--=0 requires !J)(m 1 ) ·D)(m 2 )<0, lwncc r,(R) nC'eds a pole bet ween m 1 and m 2 • n In these arguments, we have made usc of (2 ·G). and H2 given by ( 4 · 4). The allowed interactions are shown in Fig. 3 . We assume that there exist two stable particles with masses m 1 and m 2 and coupling constants to the Nf) system U1 and g 2 , respectively. Then we can write the Nf) scattering amplitude T' (E) in the following forms : Comparing (4·23) with (4·29) and (4·1) with (4·27),. there is no doubt about the fact that det Z = 0 and Em E det Z (E) = 0 are appropriate compo-E->m siteness conditions and they correspond to ( 4 · 26). § 5. Summary vVe have succeeded in writing the second compositeness condition for two particles in the same channel without referring to the function X(s) or X(s). Our prescription is of the same form 1rrespective of the ambiguity encountered in the definition of the one-particle irreducible part of a scattering amplitude with a composite particle in its channel. Our second compositeness condition can be stated as follows :
'determinant of the renormalization function matrix multiplied by s should tend to zero as s goes to infinity.' We have also shown that our condition is equivalent to Kinoshita and Yabuki's or Kang's*l when we fix the asymptotic behavior of the one-particle irreducible part appropriately. Discussion of ~ 4 revealed the detailed meaning of our condition: it corresponds to the vanishing of Jouvet limit parameter, that is, the complete vanishing of one of the two bare vertices. advices and encourage1nent. I also wi:;h to thank Dr. Shirafuji for helpful suggestions and very enlightening review talks on compooitcnc:::;s problems.
Details of the extended Srivasta'ua model
Solving the Schrodinger equation 
Since we are excluding the cases 77h =nz 2 or those with vanishing Zij or with only one particle in the channel concerned, we can say that Zn{/ 2 -Z 12 {/ 1 = 0 holds if and only if ). tends to zero.
